A Gram-stain-negative, coccus-shaped, aerobic bacterium, strain E6 T , was isolated from soil. 16S rRNA gene sequence analysis revealed a cluster containing strain E6
The genus Paracoccus belongs to the family Rhodobacteraceae of the order Rhodobacterales in Proteobacteria. The genus Paracoccus comprises, at the time of writing, 40 recognized species and was first proposed by Davis et al. (1969) with Paracoccus denitrificans as the type species. Members of this genus have been isolated from various environments including soil (Dastager et al., 2011) , bioreactor (La et al., 2005) , sediment (Pan et al., 2014) and activated sludge (Lee & Lee, 2013; Sun et al., 2013) . Members of the genus Paracoccus are Gram-stain-negative, are positive for oxidase and catalase, and have a high metabolic versatility, C 18 : 1 v7c as the major fatty acid and ubiquinone-10 (Q-10) as the predominant respiratory quinone (Dastager et al., 2011; Sheu et al., 2011) . In addition, members of the genus have high DNA G+C contents and have phosphatidylglycerol and phosphatidylcholine as major polar lipids (Liu et al., 2008; Roh et al., 2009; Fu et al., 2011; Sheu et al., 2011; Kämpfer et al., 2012; Lee & Lee, 2013; Liu et al., 2013; Sun et al., 2013; Zhu et al., 2013; Pan et al., 2014; Zhang et al., 2014) . Some strains can accumulate poly-b-hydroxybutyrate granules (Berry et al., 2003; Sheu et al., 2011; Lee & Lee, 2013; Pan et al., 2014) .
Strain E6
T was isolated from soil collected from Grand Canyon of Enshi City (1098 189 E 308 249 N, altitude about 1200 m), Hubei Province, China. The soil sample was serially diluted with 0.85 % (w/v) NaCl and incubated on 1/10 trypticase soy agar (TSA; Bacto) and incubated at 28 8C for 7 days. The purity of the colonies was checked by repeated streaking of single colonies on 1/10 TSA medium. The strain was preserved at 280 8C with 25 % (v/v) glycerol. The most closely related type strain, P. sediminis DSM 26170 T , and that of the type species of the genus, Paracoccus denitrificans DSM 413 T , were used as reference strains to be analysed together.
For analysis of physiological and biochemical characteristics, strain E6 T , P. sediminis DSM 26170 T and P. denitrificans DSM 413
T were cultivated on marine agar 2216 (MA; Difco) as P. sediminis DSM 26170 T can only grow on MA medium (Pan et al., 2014) . Cellular morphology and flagella were observed using a transmission electron microscope (H-7650; Hitachi) after cultivation for 2 days. Motility tests were performed with 0.3 % MA. The Gram staining reaction was performed using a Gram staining kit (Jiancheng Biotech) according to Dussault (1955) . Growth at different temperatures (4, 13, 20, 28, 37, 45 and 50 8C), NaCl (1, 2, 3, 4, 5, 6, 7, 9, 11, 13, 14 and 16 %, w/v) and pH 3-10 (1 pH unit intervals) were tested on MA after incubation for 7 days. According to the methods described by Sorokin (2005) , the following buffer systems were used for the pH test: pH 3.0-7.0, 0.1 M citric acid/0.2 M Na 2 HPO 4 ; pH 8.0-9.0, 0.2 M Tris/0.2 M HCl; pH 10.0, 0.05 M NaHCO 3 /0.1 M NaOH. Growth under anaerobic conditions was analysed by incubating strains in an anaerobic chamber with an O 2 -absorbing and CO 2 -generating agent (Anaero-Pack; Mitsubishi Gas Chemical).
Catalase activity was detected using the standard method employing 3 % (v/v) hydrogen peroxide solution (Smibert & Krieg, 1994) . Oxidase activity was investigated using 1 % (w/v) tetramethyl-b-phenylenediamine (Cappuccino & Sherman, 2002) . Accumulation of poly-b-hydroxybutyrate granules was observed under light microscopy after staining with Sudan black . Hydrolysis of DNA, gelatin, starch, casein, tyrosine and CM-cellulose was determined according to Cowan & Steel (1965) . Hydrolysis of alginate was tested on MA supplemented with 1 % (w/v) sodium alginate (Hosoya et al., 2009) . Hydrolysis of Tweens 20, 40, 60 and 80 was tested according to Arden Jones et al. (1979) . Nitrate reduction was determined by the method described by Lányí (1987) . Phenylalanine deaminase and H 2 S production tests were assessed as described by Smibert & Krieg (1994) . Sensitivity to antibiotics was determined by spreading bacterial suspensions on R2A agar plates and applying filter-paper discs containing different antibiotics (Hangzhou Microbial Reagent), incubated at 28 8C for 7 days according to Chen et al. (2012) . Utilization of substrates as sole carbon and energy sources, acid production from carbohydrates and enzyme activities were tested using traditional methods (Hugh & Leifson, 1953; Dong & Cai, 2001 ) and in combination with API 20NE, ID 32GN and API ZYM systems (bioMérieux) according to the manufacturer's instructions.
Results for strain E6
T are listed in the species description. Transmission electron micrographs showing the morphology and flagella of strain E6
T are shown in Fig. 1 . Cells of strain E6
T were Gram-stain-negative, and positive for catalase and oxidase, features that are typical characteristics of the genus Paracoccus (Dastager et al., 2011; Sheu et al., 2011) . However, strain E6
T had numerous morphological, physiological and biochemical characteristics that differentiated it from P. sediminis DSM 26170 T (Table 1) , P. denitrificans DSM 413 T (Table 1) , Paracoccus koreensis KCTC 12238
T (La et al., 2005) and Paracoccus thiocyanatus KCTC 2848
T (Lee & Lee 2013) , which are in agreement with the characteristics of members of this genus having a high metabolic versatility (Daneshvar et al., 2003; Kim et al., 2006; Sheu et al., 2011) . Strain E6
T was motile, whereas most members of the genus Paracoccus are nonmotile. Strain E6
T could be mainly differentiated from related strains based on its motility and its inability to utilize lactate and propionate as sole carbon sources.
The nearly full-length 16S rRNA gene sequence of strain E6
T was amplified using 16S rRNA gene primers 27F and 1492R as described by Fan et al. (2008) . The 16S rRNA gene of strain E6
T was cloned into pGEM-T easy vector (Promega) for sequencing. The 16S rRNA gene sequence was compared with those available in the EzTaxon-e server (Kim et al., 2012) and NCBI GenBank database. Multiple alignments of sequences were carried out using CLUSTAL X within the MEGA 5 package (Tamura et al., 2011) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971 ) methods with MEGA 5, and the maximum-likelihood algorithm with the PHYML online web server (Guindon et al., 2010) . The reliability of each tree was evaluated by bootstrap analysis based on 1000 replications (Felsenstein, 1985) .
Phylogenetic analysis indicated that strain E6
T belongs to the genus Paracoccus. The 16S rRNA gene sequence of strain E6
T was closely related to those of P. sediminis CMB17 T (97.2 % similarity), Paracoccus siganidrum M26 T (96.9 %), P. koreensis Ch05 T (96.9 %) and P. thiocyanatus THI 011
T (96.6 %). 16S rRNA gene sequence similarity between strain E6
T and the type species P. denitrificans DSM 413
T was 95.3 %. In the maximum-likelihood tree ( The DNA G+C content of strain E6 T was 68.1 mol% determined by HPLC according to the method of Mesbah et al. (1989) . The level of DNA-DNA relatedness was determined using the thermal denaturation and renaturation method (Huss et al., 1983) . The DNA-DNA relatedness between strain E6 T and P. sediminis DSM 26170 T was 59.2 %. This is lower than the threshold value of 70 % suggested for the delineation of novel species (Stackebrandt & Goebel, 1994; Tindall et al., 2010) .
Isoprenoid quinones were extracted and purified according to the method of Collins et al. (1977) and analysed by HPLC as described by Collins (1985) . Q-10 was detected as the only isoprenoid quinone for strain E6 T . Polar lipids were extracted as described by Minnikin et al. (1979) and analysed by twodimensional TLC as described by Collins & Jones (1980) . The major polar lipids of strain E6
T were phosphatidylglycerol (PG), phosphatidylcholine (PC), diphosphatidylglycerol (DPG), an unknown aminolipid (AL1) and unknown glycolipid (GL); in addition, smaller amounts of phosphatidylethanolamine (PE), an unknown aminolipid (AL2) and four unknown phospholipids (PL1-4) were also present (Fig. 3a) . The reference strains, P. sediminis DSM 26170 T (Fig. 3b) and P. denitrificans DSM 413
T , exhibited very similar polar lipid profiles, all having DPG, PG, PC, AL1, AL2, PL1, PL2 and PL4, but PE was only detected in strain E6 T .
For cellular fatty acid analysis, strain E6 T , P. sediminis DSM 26170 T and P. denitrificans DSM 413 T were grown on MA at 28 8C, and cells for extraction were taken from plates until they reached the exponential phase and analysed simultaneously by GC (6890; Hewlett Packard) according to the instructions of the Sherlock Microbial Identification System (MIDI Sherlock version 4.5, MIDI database TSBA40 4.10) (Kroppenstedt, 1985; Sasser, 1990) . Strain E6 T contained C 18 : 1 v7c (79.7 %) and C 18 : 0 (6.1 %) as the predominant fatty acids. The predominant fatty acid DData different from the previous study (Pan et al., 2014) . dData different from the previous study detected in strain E6 T , C 18 : 1 v7c, is consistent with data for other members of the genus Paracoccus (Table 2) .
Strain E6
T is Gram-stain-negative and positive for catalase and oxidase. Q-10 and C 18 : 1 v7c are typical characteristics of the genus Paracoccus. Based on 16S rRNA gene sequence analysis, strain E6
T occupies a distinct position within the genus Paracoccus. In addition, DNA-DNA hybridization results show that strain E6
T and the most closely strain P. sediminis DSM 26170
T are members of distinct species. Strain E6 T can also be distinguished from other closely related members of the genus Paracoccus based on its motility, and its inability to utilize lactate and propionate as sole carbon sources. We conclude that strain E6
T represents a novel species of the genus Paracoccus, for which the name Paracoccus angustae sp. nov. is proposed.
Description of Paracoccus angustae sp. nov.
Paracoccus angustiae sp. nov. (an.gus9ti.ae. L. gen. n. angustiae of a narrow straight or a canyon).
Cells are motile, Gram-stain-negative, aerobic, coccusshaped (diameter 0.9-1.5 mm), occurring singly or in pairs. Grows aerobically with oxygen as the terminal electron acceptor, and cannot grow anaerobically. Colonies on R2A medium are orangey pink, smooth, convex, nontransparent and circular. The temperature range for growth is 4-45 uC (optimum, 28-37 uC) and the pH range is 6.0-9.0 (optimum, pH 6.0-7.0). Growth occurs with 0-5 % NaCl (optimum, 0-1 %). Positive for catalase and oxidase activities, and poly-b-hydroxybutyrate granule accumulation is observed. Negative reactions for nitrate reduction and production of indole; positive for phenylalanine deaminase activity and production of H 2 S. Tyrosine and aesculin are hydrolysed, but DNA, gelatin, starch, casein, CM-cellulose, urea, Tweens 20, 40, 60 and 80 and alginate are not. In API ZYM tests, enzyme activity is observed for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and b-galactosidase, but no activity is observed for . This work was supported by the National Natural Science Foundation of China (30900016) and the Natural Science Foundation of Hubei Province (2014CFB931). Data for taxa 1-3 are from this study. Data in parentheses for taxa 2 and 3 are from Pan et al. (2014) and Lee & Lee (2013) , respectively. Data for taxa 4 and 5 are from La et al. (2005) and Lee & Lee (2013) . Values are percentages of total fatty acids; 2, ,1 % or not detected. 79.7 81.2 (87.6) 74.1 (79.9) 79.6 68.9 C 18 : 0 6.1 5.0 (4.6) 1.6 (3.4) 13.4 4.6 C 18 : 0 3-OH 1.1 1.1 (2) 2 2 2 Summed feature 2* 2.8 1.1 (2.9) 2.1 2 2 *Summed features are groups of two or three fatty acids that cannot be separated by the MIDI System. Summed feature 2 contains C 14 : 0 3-OH and/or iso-C 16 : 1 I.
